IN THE CLAIMS; 



Kindly amend claims 1-21, cancel claims 22-23 
without prejudice or admission, and add new claims 24-37 as 
shown in the following listing of claims, which replaces all 
previous versions and listings of claims. 

1. (currently amended) A quartz crystal resonator 
being a floxural mode, quartz cryotal tuning fork rooonator, 
oaid capable of vibrating in a flexural mode of an inverse 
phase, the quartz crystal tuning fork resonator comprising: a 
quartz crystal tuning fork base; first and second quartz 
crystal tuning fork tines connected to the quartz crystal 
tuning fork base, each of the first and second guartz crystal 
tuning fork tines having a first main surface and a second 
main surface opposite the first main surface and a groove 
having a plurality of stepped portions formed in at least one 
of the first and second main surfaces of each of the first and 
second quartz crystal tuning fork tines; and an electrode 
disposed in the groove formed in at least one of the first and 
second main surfaces of each of the first and second quartz 
crystal tuning fork tines so that a merit value of a 
fundamental mode of vibration of the quartz crystal tuning 
fork resonator is greater than a merit value of a second 
overtone mode of vibration thereof, the merit values M i and 
being defined by the ratios Q i /r ^ arid Q^/r^, respectively. 
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where and represent a quality factor of the fundamental 
mode of vibration and the second overtone mode of vibration, 
respectively, of the quartz crystal tuning fork resonator and 
r^ and r-^ represent a capacitance ratio of the fundamental 
mode of vibration and the second overtone mode of vibration, 
respectively, of the quartz crystal tuning fork resonator; 
wherein a piezoelectric constant e ^ ^ of the quartz crystal 
tuning fork resonator is within a range of 0>095 C/m^ to 0.19 
C/m^ in the absolute value. 

tuning fork tinoo; and 

a quarts cryotal tuning fork baoo^ to which oaid 
tuning fork tinoo arc attached, 

wherein a groove io provided on at loaot one of an 
obvcroo face and a rcverGo face of oaid tuning fork tinoo, and 
a firot QlQctrodo io diopoood inoidc oaid groove and a Gocond 
Qlootrodo io diopoood on both oidoo of oaid tuning fork tinoo, 

and whoroin a piogooloctrio oonotant of oaid 
reoonator io within a range of 0.005 C/m^ to O.IQ C/mi in the 
aboolutc value. 

2. (currently amended) *he A quartz crystal 
resonator according to claim 1, wherein figure of merit 
a fundamental mode vibration of oaid reoonator io larger than 
figure of merit for a oeoond overtone mode vibration 
thereof, and the M^io larger than 65 and the io leoo than 
3^ claim 1; wherein a groove having a plurality of stepped 
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portions is formed on each of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines; and wherein an electrode is disposed in each of 
the grooves formed on each of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines so that a merit value M i of the fundamental mode of 
vibration of the guartz crystal tuning fork resonator is 
greater than 65 and a merit value of the second overtone 
mode of vibration of the quartz crystal tuning fork resonator 
is less than 30. 

3. (currently amended) The A quartz crystal 
resonator according to claim 1, wherein a claim 1; wherein the 
groove formed on at least one of opposite main surfaces of 
each of the quartz crystal tuning fork tines comprises a 
through -hole . provided on either the obvoroo face or tho 
rovcroo face of Gaid tuning fork tinco io a through hole. 

4. (currently amended) A quartz crystal unit 
comprising: a floxural modo^ quartz guartz crystal tuning fork 
resonator capable of vibrating in a f lexural mode of an 
inverse phase, the a oaoo; and a lid, oaid quartz crystal 
tuning fork resonator comprising a guartz crystal tuning fork 
base, first and second quartz crystal tuning fork tines 
connected to the guartz crystal tuning fork base and each 
having a first main surface and a second main surface opposite 
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the first main surface, a groove having a plurality of stepped 
portions formed in at least one of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines, and an electrode disposed in the groove formed in 
at least one of the first and second main surfaces of each of 
the first and second guartz crystal tuning fork tines so that 
a merit value of a fundamental mode of vibration of the 
guartz crystal tuning fork resonator is greater than a merit 
value Mo of a second overtone mode of vibration thereof, the 
merit values and being defined by the ratios Q i /r ^ and 
Qg /r o , respectively, where and represent a quality factor 
of the fundamental mode of vibration and the second overtone 
mode of vibration, respectively, of the guartz crystal tuning 
fork resonator and r ^ and r . represent a capacitance ratio of 
the fundamental mode of vibration and the second overtone mode 
of vibration, respectively, of the quartz crystal tuning fork 
resonator; a case for housing the guartz crystal tuning fork 
resonator; and a lid for covering an open end of the case; 
quarts oryotal tuning fork rooonator comprioing tuning fork 
tinoo and a tuning fork baoo^ to whioh oaid tuning fork tinoo 
arc attached^ wherein a groove io provided formed on both of 
an obveroo face and a rovcroc face of oaid tuning fork tinoo ^ 
and a firot oloctrodo io diopoocd inoidc oaid groove and a 
oooond electrode io diopoocd on both oideo of oaid tuning fork 
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tinoG^ and wherein a piezoelectric constant e^j of oaid the 
quartz crystal tuning fork resonator is within a range of 
0.095 C/m^ to 0.19 C/m^ in the absolute value. 

5. (currently amended) The A quartz crystal unit 
according to olaim 4, vhoroin claim 4 ; wherein a groove having 
a plurality of stepped portions is formed in each of the first 
and second main surfaces of each of the first and second 
quartz crystal tuning fork tines so that a width of at least 
one of the grooves formed in the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines is within a range of 0.03 mm to 0.12 mm; wherein a 
spaced-apart distance between the first and second guartz 
crystal tuning fork tines is within a range of 0.05 mm to 0.35 
mm and greater than or egual to the width of at least one of 
the grooves; and wherein a length of at least one of the 
grooves formed in the first and second main surfaces of each 
of the first and second guartz crystal tuning fork tines is 
within a range of 40% to 80% of a length of each of the first 
and second guartz crystal tuning fork tines, figure of merit 

for a fundamental mode vibration of oaid rooonator io 
larger than figure of merit for a ocoond overtone mode 
vibration thereof. 
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6. (currently amended) *fee A quartz crystal unit 
according to claim 5, wherein claim 4; wherein a groove having 
a plurality of stepped portions is formed in each of the first 
and second main surfaces of each of the first and second 
guartz crystal tuning fork tines; and wherein an electrode is 
disposed in the groove formed in each of the first and second 
main surfaces of each of the first and second guartz crystal 
tuning fork tines so that a capacitance ratio r ^ of the 
fundamental mode of vibration of the guartz crystal tuning 
fork resonator is less than a capacitance ratio r^ of the 
second overtone mode of vibration thereof > figure of merit 
M- pfor the fundamental mode vibration io larger than 65, — aftd 
figure of merit for the oeoond overtone mode vibration io 
loop than 30. 

7. (currently amended) *fee A quartz crystal unit 
according to claim 5, wherein claim 4 ; wherein a groove having 
a Plurality of stepped portions is formed in each of the first 
and second main surfaces of each of the first and second 
guartz crystal tuning fork tines so that a width of at 
least one of the grooves formed in the first and second main 
surfaces of each of the first and second guartz crystal tuning 
fork tines is within a range of 0.03 mm to 0.12 mm; wherein 
the groove formed in each of the first and second main 
surfaces of each of the first and second guartz crystal tuning 
fork tines has an inner stepped portion and an outer stepped 
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portion opposite to the inner stepped portion in the width 
direction of the corresponding one of the first and second 
quartz crystal tuning fork tines; wherein each of the first 
and second guartz crystal tuning fork tines has side surfaces 
comprising an inner side surface and an outer side surface 
opposite to the inner side surface, the inner stepped portion 
being opposite to the inner side surface, and the outer 
stepped portion being opposite to the outer side surface; and 
further comprising a first electrode disposed on each of the 
inner and outer stepped portions of the groove formed in each 
of the first and second main surfaces of the first and second 
guartz crystal tuning fork tines and a second electrode 
disposed on each of the inner and outer side surfaces of the 
first and second guartz crystal tuning fork tines; wherein the 
first electrodes disposed on the inner and outer stepped 
portions of the grooves of the first guartz crystal tuning 
fork tine are connected to the second electrodes disposed on 
the inner and outer side surfaces of the second guartz crystal 
tuning fork tine so that the first electrodes of the first 
guartz crystal tuning fork tine and the second electrodes of 
the second quartz crystal tuning fork tine define a first 
electrode terminal; and wherein the second electrodes disposed 
on the inner and outer side surfaces of the first guartz 
crystal tuning fork tine are connected to the first electrodes 
disposed on the inner and outer stepped portions of the 
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grooves of the second quartz crystal tuning fork tine so that 
the second electrodes of the first quartz crystal tuning fork 
tine and the first electrodes of the second quartz crystal 
tuning fork tine define a second electrode terminal, a ratio 
-fW ^/W) of a groove width and a tine width W of oaid tuning 
fork tinoo io greater than 0.35 and Iqgg than 1^ and a ratio 
-i ^/t) of a groove thiokncoo t^ and a tine thicknooo t of oaid 
tuning fork tineo io Iqgg than 0.7Q. 

8. (currently amended) The A quartz crystal unit 
according to claim 5^ wherein claim 4 ; wherein a spaced-apart 
distance between the first and second quartz crystal tuning 
fork tines is within a range of 0.05 mm to Q>35 mm; wherein a 
groove having a plurality of stepped portions is formed in 
each of the first and second main surfaces of each of the 
first and second guartz crystal tuning fork tines so that the 
spaced-apart distance between the first and second quartz 
crystal tuning fork tines is greater than or egual to a width 
of at least one of the grooves formed in the first and second 
main surfaces of each of the first and second guartz crystal 
tuning fork tines; wherein the groove formed in each of the 
first and second main surfaces of each of the first and second 
guartz crystal tuning fork tines has a base portion; and 
wherein an electrode is disposed on the base portion of the 
groove formed in each of the first and second main surfaces of 
each of the first and second guartz crystal tuning fork tines 
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so that the electrodes disposed on the base portions of the 
grooves of the first quartz crystal tuning fork tine have an 
electrical polarity opposite to an electrical polarity of the 
electrodes disposed on the base portions of the grooves of the 
second quartz crystal tuning fork tine, a groove area 6 of 
oaid tuning fork tinco io within a range of 0.025 mm^to 0.12 

9. (currently amended) The A quartz crystal unit 
according to claim 5^ whoroin claim 4 ; wherein a groove having 
a plurality of stepped portions is formed in each of the first 
and second main surfaces of each of the first and second 
guartz crystal tuning fork tines; wherein the quartz crystal 
tuning fork base has a cut portion; and wherein a length of 
the quartz crystal tuning fork base is less than 0.5 mm. e 
ratio {Ir /^ — of a groove length 1. , . and a total length 1 of 
oaid resonator io within a range of 0.2 to 0.7 8 . 

10. (currently amended) The A quartz crystal unit 
according to claim 5, wherein claim 4; wherein a groove having 
a plurality of stepped portions is formed in each of the first 
and second main surfaces of each of the first and second 
quartz crystal tuning fork tines; wherein stable factors S t 
and of the fundamental mode of vibration and the second 
overtone mode of vibration of the guartz crystal tuning fork 
resonator are defined by Si=r T /2Q i ^ and Sn=ro/2Q . ^, respectively; 
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and wherein an electrode is disposed on the groove formed in 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines so that S ^^ 
is less than S^ . when otablo f actor o of froquGncy^ and S^ e# 
the fundamental mode vibration and the oocond overtone mode 
vibration of oaid quartz oryotal tuning fork rcoonator arc 
given by S- c^g-c/^x ^ rcopQCtivQly^ io looo than 

11. (currently amended) A quartz crystal oscillator 
comprising: a quartz crystal oscillating circuit comprised of 
an Gomprioing; an amplification circuit comprising a CMOS 
inverter and a feedback resistor, and a feedback circuit 
comprising a flexural mode, quartz quartz crystal tuning fork 
roGonator, resonator capable of vibrating in a flexural mode 
of an inverse phase, a plurality of capacitors and a drain 
resistor, said the quartz crystal tuning fork resonator 
comprising a quartz crystal tuning fork base, first and guartz 
crystal tuning fork tines connected to the guartz crystal 
tuning fork base and each having a first main surface and a 
second main surface opposite the first main surface, a groove 
having a plurality of stepped portions formed in at least one 
of the first and second main surfaces of each of the first and 
second quartz crystal tuning fork tines, and an electrode 
being disposed in the groove formed in at least one of the 
first and second main surfaces of each of the first and second 
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quartz crystal tuning fork tines so that a merit value of a 
fundamental mode of vibration of the quartz crystal tuning 
fork resonator is greater than a merit value of a second 
overtone mode of vibration thereof, the merit values and Mo 
being defined by the ratios O -^ /r ^ and respectively > 

where and represent a quality factor of the fundamental 
mode of vibration and the second overtone mode of vibration, 
respectively, of the quartz crystal tuning fork resonator and 
r^ and r. represent a capacitance ratio of the fundamental 
mode of vibration and the second overtone mode of vibration, 
respectively, of the guartz crystal tuning fork resonator; 
tuning fork tinco and a tuning fork baoc^ to which said tuning 
fork tinco arc attached, wherein a groove io provided on both 
of an obveroe face and a roveroo face of oaid tuning fork 
tines , and wherein a piezoelectric constant of oaid the 
quartz crystal tuning fork resonator is within a range of 
0.095 C/m^ to 0.19 C/m^ in the absolute value. 

12. (currently amended) ¥he A quartz crystal 
oscillator according to claim 11, wherein claim 11; wherein at 
least one groove having a plurality of stepped portions is 
formed in each of the first and second main surfaces of each 
of the first and second quartz crystal tuning fork tines so 
that a ratio W^/W is greater than 0.35 and less than 1. where 

represents a width of at least one of the grooves formed in 
the first and second main surfaces of each of the first and 
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second quartz crystal tuning fork tines and W represents a 
width of each of the quartz crystal tuning fork tines; and 
wherein a length of at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
guartz crystal tuning fork tines is within a range of 40% to 
80% of a length of each of the first and second guartz crystal 
tuning fork tines, oaid quarts oryotal oscillating circuit 
GomprioQO oaid quartz cryQtal tuning fork rooonator having 
figure of merit Mj for a fundamental mode vibration larger 
than figure of merit for a oocond overtone mode vibration 
to ouppreoo the oooond overtone mode vibration and to get a 
high frequency otability for the fundamental mode vibration, 

13. (currently amended) The A quartz crystal 
oscillator according to claim 12^ wherein claim 11; wherein a 
ratio of an amplification rate ot j of the fundamental mode of 
vibration and an amplification rate of the second overtone 
mode of vibration of the amplification circuit is greater than 
that of a feedback rate jS. of the second overtone mode of 
vibration and a feedback rate jS ^ of the fundamental mode of 
vibration of the feedback circuit, and a ratio (a^ T^ ^) of oaid 
oocillating circuit io greater than a ratio (jS^ /^ x) thereof, 
aft4 a product of the amplification rate and the feedback 
rate jS^ of the fundamental mode of vibration is greater than 

than 1; wherein a groove having a plurality of stepped 
portions is formed in each of the first and second main 
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surfaces of each of the first and second quartz crystal tuning 
fork tines; and wherein an electrode is disposed in the groove 
formed in each of the first and second main surfaces of each 
of the first and second guartz crystal tuning fork tines so 
that a series resistance of the fundamental mode of 
vibration of the guartz crystal tuning fork resonator is less 
than a series resistance of the second overtone mode of 
vibration thereof. 

14. (currently amended) The A quartz crystal 
oscillator according to claim 12^ wherein claim 11; wherein a 
ratio of an absolute value of negative resistance -RL ^ of the 
fundamental mode of vibration of the amplification circuit and 
a series resistance R ^ of the fundamental mode of vibration of 
the guartz crystal tuning fork resonator is greater than that 
of an absolute value of negative resistance -RL ^ of the second 
overtone mode of vibration of the amplification circuit and a 
series resistance R^ of the second overtone mode of vibration 
thereof; wherein a groove having a plurality of stepped 
portions is formed in each of the first and second main 
surfaces of each of the first and second guartz crystal tuning 
fork tines; and wherein an electrode is disposed in the groove 
formed in each of the first and second main surfaces of each 
of the first and second quartz crystal tuning fork tines so 
that a capacitance ratio r ^^ of the fundamental mode of 
vibration of the quartz crystal tuning fork resonator is less 
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than a capacitance ratio of the second overtone mode of 
vibration thereof, a ratio ( | - RL T-|-/fi r) Qf oaid oooillating 
circuit io greater than a ratio ( | - RL ^-f/jl ^) thereof, 

15. (currently amended) ¥he A quartz crystal 
oscillator according to claim 12 ^ wherein claim 11; wherein 

I -RL ^ I /R i is greater than 2 j -RL . j /R . -1 , where | -RL ^ j and [ -RL -. } 
represent an absolute value of negative resistance of the 
fundamental mode of vibration and the second mode of vibration 
of the amplification circuit, and R ^ and R ^ represent a series 
resistance of the fundamental mode of vibration and the second 
overtone mode of vibration of the guartz crystal tuning fork 
resonator . a value of ( [ - RL x-h^-j — of oaid oooillating circuit 
is greater than a value of ( 2 | - RL 2.4-/R2-^^ — in oaid oocillating 
circuit. 

16. (currently amended) 5fee A quartz crystal 
oscillator according to claim 12, wherein claim 11; wherein a 
groove having a plurality of stepped portions is formed in 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines; wherein an 
electrode is disposed in the groove formed in each of the 
first and second main surfaces of each of the first and second 
guartz crystal tuning fork tines so that a capacitance ratio 
r^ of the fundamental mode of vibration of the guartz crystal 
tuning fork resonator is less than ia capacitance ratio ro of 
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the second overtone mode of vibration thereof; and wherein the 
quartz crystal oscillating circuit outputs through a buffer 
circuit an output signal an oscillation frequency of about 
32.768 kHz with a freguencv deviation within the range of -100 
PPM to +100 PPM, an output oignal of said quarts cryotal 
OGcillating circuit io outputtod through a buffer Qircuit, — aftd 
an oocillation frequency deviation of the output oignal io 
within a range of — 100 PPM to — HOO PPM to a nominal frequency 
of 32.768 ]cHg. 

17. (currently amended) Aft In an electronic 
apparatus comprising having a display portionj. and a at least 
one quartz crystal oscillator at least ^ — said electronic 
apparatus having at Icaot one quartz crystal oscillator , one 
of the at least one quarts cryotal oscillator comprising 8 a 
comprising a quartz crystal oscillating circuit comprising; an 
comprised of an amplification circuit having at least 
Gomprioing an amplifier^ and a feedback rooiotory and a 
feedback circuit comprising at least a quartz crystal tuning 
fork rcoonator , resonator capable of vibrating in a flexural 
mode of an inverse phase, the capacitors and a drain rooiotor, 
oaid quartz cryotal rcoonator being a flexural modo^ quartz 
cryotal tuning fork rcoonator,, — said quartz crystal tuning fork 
resonator comprising a guartz crystal tuning fork base, first 
and second guartz crystal tuning fork tines connected to the 
guartz crystal tuning fork base and each having a first main 
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surface and a second main surface opposite the first main 
surface, a groove having a plurality of stepped portions 
formed in at least one of the first and second main surfaces 
of each of the first and second guartz crystal tuning fork 
tines, and an electrode disposed in the groove formed in at 
least one of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines so that a 
merit value of a fundamental mode of vibration of the 
guartz crystal tuning fork resonator is greater than a merit 
value of a second overtone mode of vibration thereof, the 
merit values and M o being defined by the ratios Q i /r -^ and 
Qn /Tn, respectively, where and represent a quality factor 
of the fundamental mode of vibration and the second overtone 
mode of vibration, respectively, of the quartz crystal tuning 
fork resonator and r i and r ^ represent a capacitance ratio of 
the fundamental mode of vibration and the second overtone mode 
of vibration, respectively, of the guartz crystal tuning fork 
resonator ; quartz cryotal tuning fork rcoonator comprioing 
tuning fork tinoo and a tuning fork baoo, to which oaid tuning 
fork tinco arc attached, wherein a groove io provided on at 
leaot one of an obvcroo face and a rcvorGO face of oaid tuning 
fork tinoo, and a firot Qlootrodo io diopoood inoidc oaid 
groove and a oocond Qloctrodc io diopoood on both oidoo of 
oaid tuning fork tinco, — and wherein a piezoelectric constant 
ei2 of oaid the guartz crystal tuning fork resonator is within 
a range of 0,095 C/m^ to 0.19 C/m^ in the absolute value. 
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18. (currently amended) 5be An electronic apparatus 
according to claim 17, wherein claim 17; wherein at least one 
groove having a plurality of stepped portions is formed in 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines; wherein 
each of the fundamental mode of vibration and the second 
overtone mode of vibration of the quartz crystal tuning fork 
resonator is driven by the piezoelectric constant e ^n within 
the range of 0>095 C/m^ to 0,19 C/m^ in the absolute value; 
wherein } -RL ^ } /R ^ is greater than 2 | -RL^ { /R^ -1, where j -RL ^ j 
and [ -RL n I represent an absolute value of negative resistance 
of the fundamental mode of vibration and the second overtone 
mode of vibration of the amplification circuit, and R ^ and R^ 
represent a series resistance of the fundamental mode of 
vibration and the second overtone mode of vibration of the 
quartz crystal tuning fork resonator; and wherein an output 
signal of the quartz crystal oscillating circuit is a clock 
signal for use in operation of the electronic apparatus to 
display time information at the display portion, the clock 
signal having an oscillation freguency of the fundamental mode 
of vibration, q ratio ( | - RL r-h^-) — of oaid oscillating circuit 
io groator than a ratio ( | - RL ^-I- ^) thereof ^ and oaid quartz 
cryotal oocillating circuit comprioco oaid quartz crystal 
tuning fork rcoonator having figure of merit of a 
fundamental mode vibration larger than figure of merit of a 
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OQCond overtone mode vibration to oupprooo the oooond overtone 
mode vibration and to get a high frequency otability for the 
fundamental mode vibration, 

19. (currently amended) 5fee An electronic apparatus 
according to claim 1 8 ^ wherein claim 17; wherein at least one 
groove having a plurality of stepped portions is formed in 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines; wherein 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines has a 
central linear portion; wherein the at least one groove formed 
in each of the first and second main surfaces of each of the 
first and second guartz crystal tuning fork tines is formed in 
the central linear portion of each of the first and second 
main surfaces of each of the first and second guartz crystal 
tuning fork tines so that a width of at least one of the 
grooves formed in the first and second main surfaces of each 
of the first and second guartz crystal tuning fork tines is 
greater than a distance in the width direction of the at least 
one groove measured from an outer edge of the at least one 
groove to an outer edge of the corresponding one of the first 
and second guartz crystal tuning fork tines; wherein a length 
of at least one of the grooves formed in the first and second 
main surfaces of each of the first and second quartz crystal 
tuning fork tines is within a range of 40% to 80% of a length 
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of each of the first and second quartz crystal tuning fork 
tines; and wherein an output signal of the quartz crystal 
oscillating circuit is a clock signal for use in operation of 
the electronic apparatus to display time information at the 
display portion, the clock signal having an oscillation 
frequency of the fundamental mode of vibration, an output 
oignal of oaid quartz cryotal oocillating circuit hao an 
oooillation frcquenoy of the fundamental mode vibration of 
paid flQxural modo^ quartz cryotal tuning fork rooonator, — aftd 
oaid output oignal io a clock oignal which io upcd to dioplay 
time at oaid dioplay portion of oaid olQCtronic apparatus 

20. (currently amended) The An electronic apparatus 
according to claim 19 ^ wherein claim 18; wherein the 
amplification circuit of the guartz crystal oscillating 
circuit has a CMOS inverter and a feedback resistor, the 
feedback resistor having the quartz crystal tuning fork 
resonator, a plurality of capacitors and a drain resistor, the 
quartz crystal tuning fork resonator being electrically 
connected to the amplification circuit and to the plurality of 
capacitors and the drain resistor of the feedback circuit; 
wherein the at least one quartz crystal oscillator comprises a 
guartz crystal oscillating circuit comprising a guartz crystal 
resonator, an amplifier, a plurality of resistors, and a 
plurality of capacitors, a mode of vibration of the quartz 
cr ystal resonator of the quartz crystal oscillatinq circuit 
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being different from that of the quartz crystal tuning fork 
resonator; and wherein the quartz crystal resonator of the 
quartz crystal oscillating circuits comprises q quartz cryotal 
unit has one of a length-extensional mode quartz crystal 
resonator, a thickness shear mode quartz crystal resonator, a 
width-extensional mode quartz crystal resonator, a Lame mode 
quartz crystal resonator and a SAW resonator, and at Icaot one 
quartz crystal oocillator compriooo a quartz cryotal 
oooillating circuit comprioing oaid quartz cryotal unit. 

21. (currently amended) *he An electronic apparatus 
according to claim IQ, wherein claim 17: wherein the at least 
one quartz crystal oscillator compriooo i a comprises a quartz 
crystal oscillating circuit comprioing; an comprised of an 
amplification circuit comprioing having an amplifier and a 
feedback resistor, and a feedback circuit comprising a quartz 
crystal resonator, a plurality of capacitors and a drain 
resistor, oaid the quartz crystal resonator being a length- 
extensional mode quartz crystal rooonator, and oaid longth - 
Qxtcnoional mode resonator comprioing: a resonator comprised 
of a vibrational portion having a length greater than a width 
and a thickness smaller than the width; connecting width , 
connecting portions located at ends of oaid vibrational 
portion ; oupport ing the vibrational portion, supporting 
portions connected to oaid the vibrational portion through 
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oaid the connecting portiono ; QlQctrodcQ portions , and 
electrodes disposed opposite each other on upper and lower 
faces of aaid the vibrational portion, — a portion; wherein a 
piezoelectric constant of oaid the length-extensional mode 
resonator being is within a range of 0,095 C/m^ to 0.19 C/m^ 
in the absolute value , — aft value; and wherein the output aignal 
of oaid quartz crystal oscillating circuit comprising oaid 
longth - Qxtongional mode rooonator being outputtod outputs a 
signal through a buffer circuit, and oaid the output signal 
being a clock signal which is uocd oxcopt time display for use 
in operation of oaid the electronic apparatus. 

22. - 23. (canceled). 

24. (new) A quartz crystal unit according to claim 
4; wherein the quartz crystal tuning fork base has a cut 
portion; and wherein the quartz crystal tuning fork resonator 
has a frame portion protruding from the cut portion of the 
quartz crystal tuning fork base and mounted on a mounting 
portion of the case. 

25. (new) A method for manufacturing an electronic 
apparatus, comprising the steps of: 

providing a display portion; 

forming at least one quartz crystal tuning fork 
resonator capable of vibrating in a flexural mode of an 
inverse phase and having a fundamental mode of vibration, a 
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second overtone mode of vibration, a quartz crystal tuning 
fork base, and first and second quartz crystal tuning fork 
tines connected to the quartz crystal tuning fork base and 
each having side surfaces; 

disposing an electrode on each of two of the side 
surfaces of each of the first and second quartz crystal tuning 
fork tines so that the electrodes disposed on the side 
surfaces of the first quartz crystal tuning fork tine have an 
electrical polarity opposite to an electrical polarity of the 
electrodes disposed on the side surfaces of the second quartz 
crystal tuning fork tine; 

providing at least one quartz crystal oscillator 
comprising a quartz crystal oscillating circuit comprised of 
an amplification circuit having a CMOS inverter and a feedback 
resistor, and a feedback circuit having the quartz crystal 
tuning fork resonator; 

mounting the quartz crystal tuning fork resonator on 
a mounting portion of a case using a conductive adhesive or 
solder; and 

adjusting an oscillation frequency of the quartz 
crystal tuning fork resonator so that the quartz crystal 
oscillating circuit outputs an output signal of the 
oscillation frequency of about 32.768 kHz with a frequency 
deviation within a range of -100 PPM to +100 PPM; 
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wherein a ratio of an absolute value of negative 
resistance -RL^ of the fundamental mode of vibration of the 
amplification circuit and a series resistance of the 
fundamental mode of vibration of the quartz crystal tuning 
fork resonator is greater than a ratio of an absolute value of 
negative resistance -RL2 of the second overtone mode of 
vibration of the amplification circuit and a series resistance 
R2 of the second overtone mode of vibration thereof; 

wherein a merit value of the fundamental mode of 
vibration of the quartz crystal tuning fork resonator is 
greater than a merit value M2 of the second overtone mode of 
vibration thereof, the merit values and M2 being defined by 
the ratios Qi/r^ and Qz/ra, respectively, where and Q2 
represent a quality factor of the fundamental mode of 
vibration and the second overtone mode of vibration, 
respectively, of the quartz crystal tuning fork resonator and 
ri and r2 represent a capacitance ratio of the fundamental 
mode of vibration and the second overtone mode of vibration, 
respectively, of the quartz crystal tuning fork resonator; and 

wherein a piezoelectric constant of the quartz 
crystal tuning fork resonator is within a range of 0.095 C/m^ 
to 0.19 C/m^ in the absolute value. 

26. (new) A method according to claim 25; wherein 
the forming step includes the steps of forming a plurality of 
the quartz crystal tuning fork resonators in a quartz crystal 
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wafer, inspecting the quartz crystal wafer to identify any 
damaged quartz crystal tuning fork resonators, and either 
marking the damaged quartz crystal tuning fork resonators in 
the quartz crystal wafer, storing in a computer identification 
information corresponding to the damaged quartz crystal tuning 
fork resonators, or removing from the quartz crystal wafer the 
damaged quartz crystal tuning fork resonators. 

27. (new) A method according to claim 25; further 
comprising the step of electrically connecting the quartz 
crystal tuning fork resonator to the amplification circuit; 
and wherein an output signal of the quartz crystal oscillating 
circuit comprises a clock signal for use in operation of the 
electronic apparatus to display time information at the 
display portion, the clock signal having an oscillation 
frequency of the fundamental mode of vibration of the quartz 
crystal tuning fork resonator. 

28. (new) A method according to claim 27; wherein 
the quartz crystal oscillating circuit comprises a quartz 
crystal resonator, an amplifier, a plurality of resistors, and 
a plurality of capacitors, the quartz crystal resonator 
comprising one of a length-extensional mode quartz crystal 
resonator, a thickness shear mode quartz crystal resonator, a 
width-extensional mode quartz crystal resonator, a Lame mode 
quartz crystal resonator, and a SAW resonator; wherein a mode 
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of vibration of the quartz crystal resonator is different from 
that of the quartz crystal tuning fork resonator capable of 
vibrating in a flexural mode; and wherein an output signal of 
the quartz crystal oscillating circuit comprises a clock 
signal for use in operation of the electronic apparatus. 

29. (new) A method according to claim 25; wherein 
each of the first and second quartz crystal tuning fork tines 
has first and second opposite main surfaces and first and 
second opposite side surfaces; wherein the forming step 
further comprises the step of forming a groove having a 
plurality of stepped portions in each of the first and second 
main surfaces of each of the first and second quartz crystal 
tuning fork tines; wherein the disposing step comprises the 
steps of disposing a first electrode on each of at least two 
of the stepped portions of the groove in each of the first and 
second main surfaces of the first and second quartz crystal 
tuning fork tines and a second electrode on each of the first 
and second side surfaces of each of the first and second 
quartz crystal tuning fork tines; and wherein an output signal 
of the quartz crystal oscillating circuit comprises a clock 
signal for use in operation of the electronic apparatus to 
display time information at the display portion, the clock 
signal having an oscillation frequency of the fundamental mode 
of vibration of the quartz crystal tuning fork resonator. 
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30. (new) A method according to claim 29; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines in a first etching 
process; and forming at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork tines in a second etching process 
different from the first etching process, the step of forming 
the first and second quartz crystal tuning fork tines being 
performed before the step of forming the at least one of the 
grooves formed in the first and second main surfaces of each 
of the first and second quartz crystal tuning fork tines; and 
further comprising the steps of connecting the first 
electrodes disposed on at least two of the stepped portions of 
the groove formed in each of the first and second main 
surfaces of the first quartz crystal tuning fork tine to the 
second electrodes disposed on the first and second side 
surfaces of the second quartz crystal tuning fork tine to form 
a first electrode terminal, and connecting the second 
electrodes disposed on the first and second side surfaces of 
the first quartz crystal tuning fork tine to the first 
electrodes disposed on at least two of the stepped portions of 
the groove formed in each of the first and second main 
surfaces of the second quartz crystal tuning fork tine to form 
a second electrode terminal. 



"32- 



31. (new) A method according to claim 29; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines in a first etching 
process; and forming at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork tines in a second etching process 
different from the first etching process, the step of forming 
the first and second quartz crystal tuning fork tines being 
performed after the step of forming the at least one of the 
grooves formed in the first and second main surfaces of each 
of the first and second quartz crystal tuning fork tines; and 
further comprising the steps of connecting the first 
electrodes disposed on at least two of the stepped portions of 
the groove formed in each of the first and second main 
surfaces of the first quartz crystal tuning fork tine to the 
second electrodes disposed on the first and second side 
surfaces of the second quartz crystal tuning fork tine to form 
a first electrode terminal, and connecting the second 
electrodes disposed on the first and second side surfaces of 
the first quartz crystal tuning fork tine to the first 
electrodes disposed on at least two of the stepped portions of 
the groove formed in each of the first and second main 
surfaces of the second quartz crystal tuning fork tine to form 
a second electrode terminal. 



-33- 



32. (new) A method according to claim 29; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines in a first etching 
process so that a spaced-apart distance between the first and 
second quartz crystal tuning fork tines is within a range of 

0. 05 mm to 0.35 mm; and forming at least one of the grooves 
formed in the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines in a second 
etching process different from the first etching process so 
that a width W2 of at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork tines is within a range of 0.03 mm 
to 0.12 mm and a ratio W2/W is greater than 0.35 and less than 

1, where W represents a width of each of the quartz crystal 
tuning fork tines, the spaced-apart distance between the first 
and second quartz crystal tuning fork tines being greater than 
or equal to the width of the at least one groove, and the 
step of forming the first and second quartz crystal tuning 
fork tines being performed before the step of forming the at 
least one of the grooves formed in the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines. 

33. (new) A method according to claim 29; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines in a first etching 
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process so that a spaced-apart distance between the first and 
second quartz crystal tuning fork tines is within a range of 

0. 05 mm to 0.35 mm; and forming at least one of the grooves 
formed in the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines in a second 
etching process different from the first etching process so 
that a width W2 of at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork tines is within a range of 0.03 mm 
to 0.12 mm and a ratio W2/W is greater than 0.35 and less than 

1, where W represents a width of each of the quartz crystal 
tuning fork tines, the spaced-apart distance between the first 
and second quartz crystal tuning fork tines being greater than 
or equal to the width W2 of the at least one groove, and the 
step of forming the first and second quartz crystal tuning 
fork tines being performed after the step of forming the at 
least one of the grooves formed in the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines. 

34. (new) A method according to claim 29; wherein 
each of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines has a 
central linear portion; wherein the groove formed in each of 
the first and second main surfaces of each of the first and 
second quartz crystal tuning fork tines is formed in the 
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central linear portion of each of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork tines so that a width of at least one of the grooves 
formed in the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines is greater 
than a distance in the width direction of the at least one 
groove measured from an outer edge of the at least one groove 
to an outer edge of the corresponding one of the first and 
second quartz crystal tuning fork tines; wherein the forming 
step comprises the steps of forming the first and second 
quartz crystal tuning fork tines in a first etching process, 
and forming at least one of the grooves formed in the first 
and second main surfaces of each of the first and second 
quartz crystal tuning fork tines in a second etching process, 
the step of forming the first and second quartz crystal tuning 
fork tines being performed simultaneously with the step of 
forming the at least one of the grooves formed in the first 
and second main surfaces of each of the first and second 
quartz crystal tuning fork tines; and further comprising the 
steps of connecting the first electrodes disposed on at least 
two of the stepped portions of the groove formed in each of 
the first and second main surfaces of the first quartz crystal 
tuning fork tine to the second electrodes disposed on the 
first and second side surfaces of the second quartz crystal 
tuning fork tine to form a first electrode terminal, and 
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connecting the second electrodes disposed on the first and 
second side surfaces of the first quartz crystal tuning fork 
tine to the first electrodes disposed on at least two of the 
stepped portions of the groove formed in each of the first and 
second main surfaces of the second quartz crystal tuning fork 
tine to form a second electrode terminal. 

35. (new) A method according to claim 29; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines in a first etching 
process so that a spaced-apart distance between the first and 
second quartz crystal tuning fork tines is within a range of 
0.05 mm to 0.35 mm, and forming at least one of the grooves 
formed in the first and second main surfaces of each of the 
first and second quartz crystal tuning fork tines in a second 
etching process so that a width W2 of at least one of the 
grooves formed in the first and second main surfaces of each 
of the first and second quartz crystal tuning fork tines is 
within a range of 0.03 mm to 0.12 mm and a ratio W2/W is 
greater than 0.35 and less than 1, where W represents a width 
of each of the quartz crystal tuning fork tines, the spaced- 
apart distance between the first and second quartz crystal 
tuning fork tines being greater than or equal to the width 
of the at least one groove, and the step of forming the first 
and second quartz crystal tuning fork tines being performed 
simultaneously with the step of forming the at least one of 
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the grooves formed in the first and second main surfaces of 
each of the first and second quartz crystal tuning fork tines. 

36. (new) A method according to claim 39; wherein 
the quartz crystal tuning fork base has a cut portion; wherein 
the forming step comprises the steps of forming the first and 
second quartz crystal tuning fork tines and the quartz crystal 
tuning fork base having the cut portion in a first etching 
process; and forming at least one of the grooves formed in the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork tines in a second etching process 
different from the first etching process; and further 
comprising the steps of connecting the first electrodes 
disposed on at least two of the stepped portions of the groove 
formed in each of the first and second main surfaces of the 
first quartz crystal tuning fork tine to the second electrodes 
disposed on the first and second side surfaces of the second 
quartz crystal tuning fork tine to form a first electrode 
terminal; and connecting the second electrodes disposed on the 
first and second side surfaces of the first quartz crystal 
tuning fork tine to the first electrodes disposed on at least 
two of the stepped portions of the groove formed in each of 
the first and second main surfaces of the second quartz 
crystal tuning fork tine to form a second electrode terminal. 
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37. (new) A method according to claim 30; further 
comprising the step of electrically connecting the quartz 
crystal tuning fork resonator to the amplification circuit and 
to the capacitors and the drain resistor of the feedback 
circuit; wherein the at least one quartz crystal oscillator 
comprises a quartz crystal oscillating circuit comprising a 
quartz crystal resonator, an amplifier, a plurality of 
resistors, and a plurality of capacitors, the quartz crystal 
resonator comprising one of a length-extensional mode quartz 
crystal resonator, a thickness shear mode quartz crystal 
resonator, a width-extensional mode quartz crystal resonator, 
a Lame mode quartz crystal resonator and a SAW resonator,, and 
a mode of vibration of the quartz crystal resonator of the 
quartz crystal oscillating circuit being different from that 
of the quartz crystal tuning fork resonator; and wherein an 
output signal of the quartz crystal oscillating circuit 
comprises a clock signal for use in operation of the 
electronic apparatus. 
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